Introduction
Spontaneous, endogenous thrombosis of intracranial aneurysms rarely happens. It may occur after subarchnoid hemorrhage (SAH) and is usually presumed to be related to vasospasm or antifibrinolytic treatment. Fusiform or giant unruptured aneurysms have also a higher tendency for spontaneous thrombosis, which, in the majority of cases, remains partial. However, the persistence of occlusion over time is not well documented, and it might be influenced by the location of the aneurysm, the morphology and by hemodynamics. We present a case of a ruptured basilar tip aneurysm that thrombosed during preparation for endovascular treatment. This resulted in long-lasting occlusion of the aneurysm that showed a remodeling phenomenon in the early phase, and a small regrowth over seven years of follow-up.
Case Report
A 52-year-old woman was admitted with sudden onset of headache, vomiting and nuchal rigidity. The initial brain CT scan revealed severe SAH of Fisher grade III ( Figure 1A ). From her medical history severe obesity, unstable chronic hypertension, type 2 diabetes treated with insulin and smoking were relevant. The patient was transferred to our institution 13 days following symptom onset. At the time of admis-
Summary
We describe a case of a ruptured basilar bifurcation aneurysm that thrombosed during preparation for endovascular therapy as a complication of diagnostic angiogaphy, and showed a favorable evolution during long-term follow-up.
Endogenous thrombosis of ruptured, non giant aneurysms is uncommon. The persistence of occlusion over time in such cases is not well established.
Two weeks after rupture, a 6 x 8 mm basilar bifurcation aneurysm was referred for endovascular treatment. During preparation for endovascular coil occlusion, without having any endovascular material at the level of the basilar artery, a complete thrombotic occlusion of the basilar bifurcation and aneurysm was observed. Given the good collateral circulation for both posterior cerebral arteries no thrombolysis was undertaken. The early follow-up of seven days, three and six months showed a complete recanalization of the basilar artery and remodeling of the basilar bifurcation. The 20 months imaging follow-up demonstrated a small aneurysm regrowth at the prevoius location that remained stable during the follow-up of seven years. Unchanged biological and hemodynamic characteristics. however, may pose an elevated risk of a new aneurysm formation over time, making long-term imaging followup, and in case of progression, aneurysm occlusion necessary for the patient. Figure 1B ). Coil embolization of the aneurysm was decided and general anesthesia was induced. Anticoagulation was provided by continuous heparinized saline flush lines connected to the introducer sheath and the guiding catheter, and yet no bolus dose of heparin was given.
The left vertebral artery was catheterized without difficulties with a 5F Guider Softip® guiding catheter (Boston Scientific, Natick, MA, USA), over 0.035" steerable hydrophilic guide wire (Terumo, Tokyo, Japan). Once the guiding catheter had been properly positioned within the distal cervical vertebral artery (VA), the first contrast injection demonstrated complete thrombotic occlusion of the basilar bifurcation above the origin of the superior cerebellar arteries (SCA), and the disappearance of the aneurysm ( Figure 1C ).
Both posterior communicating arteries (PCo-mA) provided good collateral circulation for the two posterior cerebral arteries (PCA) (Figure 1D ). Considering the risks of thrombolysis in face of a recently ruptured aneurysm and the good collateral circulation, and the lack of mechanical thrombectomy devices at the time of intervention, no treatment aiming recanalization was performed. The patient was awakened and presented no neurological symptoms. Systemic full-dose heparin infusion was started and continued for 24 hours. The patient was stable and symptom-free.
A follow-up DSA six days later demonstrated a complete recanalization of the basilar artery (BA) without filling of the aneurysm. Simultaneous CT scan demonstrated contrast enhancement within the aneurysm suggesting subacut thrombus within the aneurysm sac. The DSA was repeated three months later with the same result ( Figure 2 ). The patient did not consented to another DSA, so follow-up magnetic resonance (MR) imaging and 3D time of flight (TOF) MR-angiography (MRA) was performed at three, six and 20 months, and thereafter yearly for a further five years. On the 20 month follow-up MR-MRA a small regrowth was observed at the level of the former aneurysm neck that remained unchanged during the following five years (Figure 3 ).
Discussion
This case report describes a rare event of endogenous thrombosis of a small, ruptured basilar bifurcation aneurysm that showed persistence over the long-term follow-up. Complete spontaneous thrombosis of intracranial aneurysms is uncommon. The term spontaneous thrombosis is used in the literature when thrombotic occlusion of an aneurysm occurs without invasive interventions, like open or endovascular surgery. Giant intracranial aneurysms have a high tendency to show partial clot formation 1 , with complete thrombosis -with or The spontaneous complete occlusion of ruptured, non giant intracranial aneurysms is rarer [3] [4] [5] [6] [7] [8] . Previously estimated to occur with an incidence of 1-2% 2 , there are no exact data regarding frequency. The phenomenon has been related to hypotension, aneurysm morphology (large or giant aneurysms with small orifice showing a higher tendency for blood stagnation and consequent thrombosis), local vessel wall injury or vasospasm. Aneurysm thrombosis was formerly facilitated by administration of antifibrinolytic agents 4, [9] [10] [11] . It may also be accompanied by parent artery occlusion causing ischaemic stroke [12] [13] [14] [15] [16] . It was also suggested to occur more often in dissecting type of lesions [16] [17] [18] .
The persistence of endogenous occlusion in ruptured aneurysms and recurrence over time is not well documented in the literature, with several case illustrations reporting different follow-up periods. Nakau et Al reported on a ruptured and later on spontaneously thrombosed superior cerebellar artery aneurysm without recurrence at nine months 18 Although these data may suggest that once thrombosed, these aneurysms do not recur, recurrence of initially thrombosed aneurysms, with or without consequent rupture has also been described [19] [20] [21] [22] .
As occlusion of the aneurysm and that of the parent artery occurred shortly following diagnostic angiography in our case, thrombosis may not be considered fully spontaneous and might be related to a thromboembolic complication of the diagnostic study. The most probable mecha- nism for this event could be thrombus formation during or after catheterization of the vertebral artery leading to occlusion of the aneurysm and the distal basilar artery. The thrombus occluding the basilar artery underwent a thrombolytic process with complete dissolution during a period of six days, while the aneurysm remained occluded. The intra-aneurysmal clot probably underwent a healing process before endogenous thrombolysis took place. An animal study characterized thrombus organization and aneurysm healing on an experimental swine aneurysm model 23 . The healing process already started at day 3, and at one and three months the aneurysms became shrunken, containing solid connective tissue with large amounts of collagen. The results of this study are in accordance with our findings. At the three month follow-up angiogram, no signs of aneurysm remnant or recurrence were seen, suggesting a complete vessel wall remodeling. We hypothesize that at this stage the endothelium was probably completely covering the former aneurysm orifice. The simultaneous thrombosis of the parent artery (the basilar bifurcation) may have facilitated fast and complete thrombus organization inside the aneurysm. Later, the recanalization process of the parent artery may have accelerated the neointimal growth over the free surface of the intraaneurysmal clot. These effects provided a "secure" period for the thrombus organization and healing process to be completed, preventing from spontaneous thrombolysis and recanalization.
As the aneurysm did not show any signs of recurrence up until 20 months we assume that endogenous thrombus formation was subsequently followed by shrinkage of the aneurysm and healing of the basilar bifurcation, however we have no obvious data (ie. thin sliced MR study of the region) to prove this theory. Hence the small recurrence observed on the 20 month MR-follow up may be a de novo aneurysm initiation, but also the recanalization of the previously thrombosed and shrunken sac. Whatever the exact pathomechanism may be, the original aneurysm-inducing factors -including vascular anatomy, local hemodynamics, and systemic risk factors the patient had before SAH-remained unchanged.
We assume that those factors, which induced aneurysm formation and rupture before, were acting continuously on the basilar bifurcation after aneurysm healing, and started to regenerate the same process.
Conclusions
We presented a very rare case of endogenous thrombosis of a ruptured basilar tip aneurysm that showed a healing-like process at the beginning, and later on a small regrowth, which remained stable during the long-term follow-up. Unchanged biological and hemodynamic characteristics however, may pose an elevated risk of aneurysm recurrence over time, making long-term imaging follow-up, and in case of progression, occlusion of the aneurysm necessary for the patient.
